Abstract: Hybrid polymer composite materials have greater flexibility to control the required properties to a considerable extent by the choice of matrix. The properties are tailored in the material by selecting different kinds of fibre incorporated in the same resin matrix. This work concerns the production of glass-basalt hybrid fibre reinforced composite with and without Zirconia(ZrO 2 ) fillers. All the composites were fabricated by the hand layup technique followed by compression moulding. The mechanical properties such as tensile strength, tensile modulus, flexural strength, flexural modulus and hardness have been investigated in accordance with ASTM standards. From the investigations, it has been found that loading of ZrO 2 filler to glass basalt hybrid fibre reinforced composites show superior tensile and hardness behaviour compared to unfilled composites. The increase in ZrO 2 filler to glass basalt hybrid reinforced composites shows high resistance to wear under dry sliding. Various aspects of the fractured surface of the samples have been examined by scanning electron microscopy (SEM) photomicrographs.
Introduction
The development of composite materials and related design and manufacturing technologies is one of the most advances in the history of materials. The biggest advantage of modern composite materials is that they are lighter in weight and as well as strong. By choosing an appropriate combination of matrix and reinforcement material, new material can be made that exactly meets the requirements of a particular application. Glass fibre reinforced polymer matrix composites have been extensively used in various fields such as aerospace industries, automobiles, marine, and defence industries. Their main advantages are good corrosion resistance, lighter weight, dielectric and better damping characteristics as compared to metals. Incorporating particulate fillers into polymers improves various physical and mechanical properties of the composite materials such as mechanical strength, modulus, heat deflection temperature etc. The mechanical properties of the polymer matrix composites are determined by the structure of matrix, filler, and interface. Yamamoto et al. (2003) found that the structure and shape of silica particles in epoxy composites have significant effect on the mechanical properties such as fatigue resistance, tensile and fracture properties. Basalt fibre composites showed higher flexural and inter laminar shear strength (ILSS) in comparison with E-glass ones but also a lower flexural strength and similar electrical properties. Militky et al. (2002) concluded that Polytetrafluoroethylene (PTFE) based composites are weakly dependent on filler shape but they are more strongly dependent on filler crystal structure. However, for improving the anti-wear property of PTFE, filler crystal structure has less importance than filler shape in the wear reducing action of PTFE based composites. Vardavoulias et al. (1993) found that ceramic particle-reinforced high-speed steel obtained by powder metallurgy showed high resistance to wear in dry sliding wear test. Tekeli et al. (2007) showed that dry sliding wear behaviour of heat treated iron based powder metallurgy steels with graphite and 2% Ni additions was same as that of Ni addition in bulk quantities. Lorella et al. (2006) found that the friction and wear behaviour of sintered steels submitted to sliding had no effect with the increase in temperature. Narendiranath et al. (2015) concluded that adding titanium oxide, silicon carbide and barium sulphate to the fibre matrix shows the increase in the wear properties, thus the above said mixture are added to the basalt fibre. Recent developments in the field of tribological materials have gained much importance in industrial applications because of their unique properties. Hence considering the scope of study in the field of tribology, the present investigation has been carried out on polymeric composites.
2 Materials used for the production of fibre reinforced polymer composites
Epoxy matrix
Epoxy resins are thermosetting polymers that, before curing, have one or more active epoxide or oxirane groups at the end(s) of the molecule and a few repeated units in the middle of the molecule. Chemically, they can be any compounds that have one or more.
Curing agent
Curing agents play an important role in the curing process of epoxy resin because they relate to the curing kinetics, reaction rate, gel time, degree of cure, viscosity, curing cycle, and the final properties of cured products. The hardener contains polyamine monomers, such as Triethylene tetra mine (TETA). When they are mixed, the amine groups react with the epoxide groups and forms a covalent bond.
Glass fibre
Glass fibre also called fibre glass is shown in Figure 1 . It is made from extremely fine fibres of glass. Fibre glass is a lightweight, extremely strong, and robust material. E-Glass is a low alkali glass with a typical nominal composition of 54% of SiO 2 , 14% of Al 2 O 3 , 22% of CaO + MgO, 10% of B 2 O 3 and Na 2 O + K 2 O less than 2% by weight. Some other materials may also be present at impurity levels. 
Basalt fibres
Recently a new type of fibre is produced from volcanic rock by melt technology known as basalt fibre. Basalt can be found on the surface of the Earth's crust (containing 40-60% SiO 2 ), and these fibres exhibit a number of excellent properties. In addition to their high modulus and excellent heat resistance, basalt fibres are good electric insulators, biologically inactive and environmentally friendly. Basalt fibres are shown in Figure 
Zirconium dioxide ZrO 2
Zirconium dioxide (zirconia), is a white crystalline oxide of zirconium, the chemical formula is ZrO 2 . It is in most naturally occurring form, with a monoclinic crystalline structure. The material has a density of 6.49 g/cm 3 , melting point of 1852°C and a boiling point of 3580°C. It has a hexagonal crystal structure and is greyish in colour as shown in Figure 3 .
Methodology and testing
The composite slabs are made by conventional hand-lay-up technique followed by compression moulding technique as shown in Figure 4 . Fabrication is done by mixing measured amount of pure epoxy resin to a known amount of hardener in the ratio of 100 : 12 with gentle stirring to minimise formation of air bubbles. Before lay-up a releasing agent is used to facilitate easy removal of the composite from the mould after curing. Woven glass plain weave fabrics made of 360 g/m 2 are cut according to the required size as shown in Figure 4 . Then the woven fibre is dipped into the mixture of epoxy and hardener. Specimens of suitable dimension are cut for physical characterisation and mechanical testing. Fibre reinforced epoxy composite with 55% of glass and basalt fibres by weight and with 2% of ZrO 2 (2ZrO 2 -GB-E), 4% of ZrO 2 (4ZrO 2 -GB-E), and 6% of ZrO 2 (6ZrO 2 -GB-E) have been tested. Figure 5 shows the universal testing machine for conducting tensile test and Figure 6 shows the tensile tested specimen. Table 1 depicts the tensile testing conditions. The results from the test are commonly used to select a material for an application, for quality control, and to predict how a material will react under other types of forces. Properties that are directly measured via tensile test are ultimate tensile strength, maximum elongation and reduction in area. From these measurements the Young's modulus, Poisson's ratio, Yield strength, and Strain-hardening characteristics can be determined. 
Tensile test

Flexure test
A Flexure test induces compressive stress on the concave side and tensile stress on the convex side of the specimen. This causes an area of shear stress along the centre line. The shear stress must be minimised to ensure that the primary failure occurs from tensile or compression stress. This is done by controlling the ratio of span to depth. Figure 7 shows the flexure testing machine and Figure 8 depicts the tested specimens. The conditions of test are depicted in Table 2 . Figure 9 shows the wearing testing machine. The pin is held against the counter face of a rotating disc (EN31 steel disc) with wear track diameter 100 mm. The pin was loaded against the disc through a dead weight loading system. The wear test for all specimens was conducted under the normal loads of 30 N and a sliding velocity of 2.35 m/s. Wear tests were carried out for a total sliding distance of 1000 m, 2000 m, 3000 m, and 4000 m under similar conditions as discussed above. The pin samples were 20 mm in length and 6 mm in diameter. The surfaces of the pin samples were slides using emery paper (80 grit size) prior to test in order to ensure effective contact of fresh and flat surface with the steel disc. The samples and wear track were cleaned with acetone and weighed (up to an accuracy of 0.0001 g using microbalance) prior to and after each test. The wear rate was calculated from the height loss technique and expressed in terms of wear volume loss per unit sliding distance. 
Wear test
Results and discussion
Tensile test behaviour
The test results of ZrO 2 filled GB-E, unfiled GB-E (Plain) and the Sic-ZrO 2 filled GB-E (hybrid) composites for tensile strength and modulus of composites are listed in Table 3 . Typical load vs. displacement curves of ZrO 2 particulate filled GB-E composites is shown in Figure 10 . The result shows that the ultimate tensile strength of the composites increases with increasing ZrO 2 particles content. The tensile strength of all the composite samples has been shown in the figure for unfilled and as well as filled GB-E composites manufactured by hand layup technique. The results indicated increased strength of the particulate filler filled composites.
Flexure test behaviour
The test results of ZrO 2 filled GB-E, unfiled GB-E and the Sic-ZrO 2 filled GB-E composites for flexure strength and modulus of GB composites are listed in Table 4 . Typical load vs. extension curves of ZrO 2 particulate unfilled and filled GB-E composites is shown in Figure 11 . It is observed that flexural strength and modulus of 2ZrO 2 -GB-E composites are higher compared to pure basalt reinforced composites and lower as compared to higher loading of fillers. This can be explained by the fact that failure in basalt laminates takes place in the compressed half section, whilst in glass laminates the whole section is involved in the fracture process up to the tensile face. Further 2ZrO 2 -GB-E composite showed the highest improvement in flexural strength among all samples. Table 5 shows the wear volume data for both unfilled GB-E and different weight percentage of ZrO 2 filled GB-E composites at 30N load for different sliding distances. Experimental data of wear volume are plotted for composites shown in Figure 12 . It is evident that ZrO 2 filled G-E composites has lesser wear volume than the plain GB-E composites. Similar to ZrO 2 filled composites even here 6% of ZrO 2 filled composites show better resistance followed by 4% and 2% of GB-E and ZrO 2 -Sic-GB-E composites respectively. Higher wear volume was noticed for GB-E composites compared to particulate filled GB-E composites. This is because the hard ZrO 2 particles have high specific modulus compared to glass-basalt fibre and possesses higher hardness. Thus, in the initial stage of sliding, sliding surface is in contact with matrix and has less hardness compared to that of zirconium dioxide. At a particular instance, the hardness of the test material is lesser than the sliding surface resulting in severe matrix damage and the rate of material removal is very high.
Tribological test behaviour
Fractography
SEM characterisation of GB-E fractured surface as shown in Figures 13 and 14 confirmed the presence of Zirconia particles on the surface of basalt and in the epoxy matrix showing the elemental components of Zirconia. This is a qualitative indication of a greater interfacial strength between the filler and the matrix as seen in Figure 14 (b). 
Conclusion
The incorporation of micron sized filler improves the mechanical properties such as tensile strength/modulus, flexural strength/modulus and hardness of GB-E composite.
The improved results are obtained with 6% and 2% by weight of zirconia filler, loading in respect of tensile and flexural properties of GB-E composites. The tensile and flexural strengths show an increase of 5%, and 8.5%, respectively as compared to unfilled GB-E composite. The enhancements in mechanical properties are attributed to the good dispersion of particulates in the epoxy matrix which lead to high surface area for strong interfacial bonding, and better load bearing from hybrid fibres. Typical failure of unfilled, filled GB-E composites under static tension and flexure has shown that the fracture is accompanied by an extensive amount of delamination, matrix cracking, partitioning of fibre bundles, and breakage of fibres. However, in particulate filled GB-E composites, the fracture is associated with less matrix cracks; less breakage of fibre and the fibres remains intact due to the good interaction between fillers in the composites. The expanding applications of GB-E in industries would benefit from this study and could provide additional information on the exploitation of micro particles to further enhance the properties of epoxy-based hybrid fibre reinforced composite materials.
